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Abstract
Introduction: In Brazil, preventable hospitalizations and re-hospita-
lizations due to tuberculosis represent increased costs for the health 
system. The aim was to analyze the sociodemographic and clinical 
profile of individuals who needed preventable hospitalizations and 
re-hospitalizations due to tuberculosis, the costs to the local health 
system, and the spatial pattern for the occurrence of these events in 
a Brazilian endemic city.
Methods: Descriptive and exploratory study conducted in Natal, city 
located in the Northeast region of Brazil. The population comprised 
all cases of preventable hospitalizations and re-hospitalizations due 
to tuberculosis occurring between 2008 and 2013 obtained from the 
Hospital Information System. The neighborhoods and census tracts 
were chosen as the geographical units. Descriptive statistics and non-
parametric tests were applied. Position and dispersion measures were 
used to analyze the costs. The gross rates were estimated, softened 
by the Global Empirical Bayesian Method. The Global and Local Moran 
indices were used to evaluate the spatial dependency. 
Results: 569 cases of hospitalizations due to tuberculosis were identi-
fied: 97.4 % were pulmonary form; 62.0% between 30 and 59 years 
old; 77.7% male; 87.3% mulatto. In the total group of hospitalizations, 
13.4% died and 17.9% were readmitted. In total, US$ 470,370.07 
was spent on preventable hospitalizations and re-hospitalizations due 
to tuberculosis, with an annual mean cost of US$ 78,395.01, median 
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Introduction
The challenging measures that the World Health 
Organization (WHO) has set for the health systems 
around the world include the control and elimination 
of tuberculosis (TB) by 2050 [1]. In 2013, nine million 
new cases were observed globally, three million of 
which were unable to get access to health services. 
This situation reflects the challenge of establishing 
care systems that are able to reach all segments of 
the population affected by TB [2].
In Brazil, despite the free availability of TB 
diagnosis and treatment technologies in Primary 
Health Care (PHC), frailties continue to exist in the 
health system with regards to its response to the 
population’s main demands and needs, in view of 
social, demographic and epidemiological changes 
[3, 4]. The country ranks 22nd in case numbers 
on the list of 22 countries that concentrate about 
80% of the global TB burden, with an incidence 
rate of 33.5 cases per 100,000 inhabitants and a 
mortality rate of 2.3 per 100,000 inhabitants [2, 5]. 
Natal is considered a priority city for the control 
of the disease in Brazil, with an incidence rate of 
42.9 cases/100,000 inhabitants and a mortality 
rate of 2.1 deaths/100,000 inhabitants in 2014 
[5]. In 2013, 54.4% of the new cases of active 
pulmonary TB evolved to cure and 9.3% dropped 
out of the treatment [5]. These rates are lower 
than the national average and the targets agreed 
upon by the Brazilian Ministry of Health (BMH) 
and the WHO, which recommend the cure of at 
least 85.0% of cases of active pulmonary tuber-
culosis.
In the same epidemiological context, preventable 
hospitalizations and re-hospitalizations due to TB 
have an expressive impact, in view of their high 
costs which the local health systems cannot always 
bear. TB ranks ninth among the infectious causes 
of hospitalization and seventh in hospital expenses 
due to infectious diseases in the Unified Health Sys-
tem (SUS) [6]. It was estimated that, in 2013, hos-
pitalizations costs due to TB in Brazil amounted to 
approximately R$ 28 million [7]. Ninety-five percent 
of this amount was spent on hospitalizations that 
are classified as preventable, which could have been 
reduced and/or avoided through early diagnosis, ti-
mely treatment and problem-solving management 
at the PHC level [8, 9].
In that sense, reducing the preventable hospi-
talizations and re-hospitalizations due to TB can 
contribute to control health costs in the country 
and around the world [10, 11], as hospitalization 
amounts of US$ 392.70 per hospitalization and US$ 1,342.19 per re-
hospitalization. The spatial distribution of the events was not random, 
with high rates identified in neighborhoods of the East and West 
Health Districts.
Conclusions: The non-randomness in the spatial pattern of preven-
table hospitalizations and re-hospitalizations cases due to tuberculosis 
suggests frailty in the access to Primary Health Care and appoints 
vulnerable spatial areas to these events. The recognition of these areas 
can contribute to public management in the improvement of health 
service access and to the equitable and efficient use of health resou-
rces, aiming to reduce the hospitalization costs.
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experiences are dominant and exceed outpatient 
treatment by up to one hundred times [12].
Nevertheless, it should be highlighted that the-
se events are not only related to access, structure 
and quality aspects of PHC and available care servi-
ces. They can also be associated with the patient’s 
characteristics, the individual or community’s beha-
viors in search of care and with the environmental 
and social factors of the context s/he is inserted 
in [10,13]. In addition, the health resources are not 
always allocated efficient, universal and equitably 
among the populations and regions, determining 
variations in the access and use of health services 
[14, 15], which has entailed different risks of illness 
and distinct forms of coping and morbidity.
Thus, in view of the magnitude and complexity 
of these events, the spatial distribution of TB needs 
to be understood, mainly in the endemic regions, 
with a view to supporting managers in planning 
and decision making in the field of health policies 
and practices aimed at the most vulnerable popu-
lations and areas. Therefore, the aim of this study 
was to analyze the sociodemographic and clinical 
profile of individuals who needed preventable hos-
pitalizations and re-hospitalizations due to TB, the 
costs to the local health system and the spatial 
pattern of occurrence of these events in a Brazilian 
endemic city.
Methods
Study design and setting
Descriptive and exploratory study [16], undertaken 
in the city of Natal, the state capital of Rio Grande 
do Norte (RN), located in the Northeast region of 
Brazil (Figure 1). It has an estimated population of 
862,044 inhabitants in an area of 167.2 km² [17], 
geographically divided in 36 neighborhoods. The 
neighborhoods are distributed in five administrative 
health regions, which correspond to the Health Dis-
tricts: North I, North II, South, East and West [18].
In terms of social and economic indicators, the 
city is classified in the High Human Development, 
with a Municipal Human Development Index (MHDI) 
equal 0.763, thus ranking 320th among the 5,565 
Brazilian cities. Nevertheless, Natal is one of the 
Brazilian cities with the greatest income inequality, 
with a Gini index of 0.61 in 2010. Moreover, the 
city has a Social Exclusion Index (SEI) of about 0.6 
and a Poverty Index of 40.86%, according to data 
from the Brazilian Human Development Atlas [19].
Study population, case definitions, data 
source and study measures 
Data were collected from the Hospital Information 
System of the Unified Health System (SIH/SUS), in 
the Outpatient and Inpatient Processing Sector of 
the Municipal Health Department of Natal/RN. The 
SIH/SUS is a nationwide administrative database 
where the records of all hospitalizations funded by 
SUS are processed.
The Authorization of Hospitalization (AIH) is the 
register all SUS managers and service providers use 
to document the services provided and the sub-
sequent transmission of funding to the public and 
private health services affiliated with the SUS [20]. 
It contains information about the hospital, the pa-
tient, the hospitalization and the hospital costs.
Figure 1:  Geographic location of Natal, Rio Gran-
de do Norte, Brazil (2015).
Source: Adapted from geographical bases.
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The research population consisted of all cases of 
preventable hospitalizations and re-hospitalizations 
due to TB registered in the SIH/SUS between 2008 
and 2013. In the data selection process, the AIH 
of people living in urban Natal were considered if 
they were registered in the SIH/SUS under codes 
A15.0 till A17.9 of the International Classification of 
Diseases version 10 (ICD – 10). These codes include 
the clinical forms of TB that are acknowledged as 
preventable according to the official list of BMH 
[21]. The non-preventable forms of TB were not 
considered in this study.
In this study, preventable hospitalizations are 
considered to be the admissions to a hospital due 
to TB, including the clinical forms of TB mentio-
ned above, which could have been reduced and/or 
avoided through early diagnosis, timely treatment 
and problem-solving management at the PHC le-
vel. Preventable re-hospitalization is defined as an 
episode of hospital admission due to the clinical 
forms of TB mentioned earlier, which happened 
after the discharge from the first admission. Only 
one re-hospitalization event was considered per 
case. 
The preventable hospitalizations and re-hospi-
talizations due to TB of people living in other pla-
ces were excluded, as were hospitalizations and 
re-hospitalizations for other clinical forms of TB 
that are not considered preventable, besides re-
hospitalizations due to administrative discharges in 
cases of long-term hospitalizations and/or rejected 
AIH. In those cases in which more than one AIH 
was used for the same individual/hospitalization, 
the sociodemographic and clinical data of the first 
AIH registered were considered. The costs were 
obtained by adding up all AIHs registered for that 
hospitalization episode. For the variable “reason 
for departure”, the information registered in the 
final AIH was considered.
The research variables collected in the system 
included location variables: street, number, neigh-
borhood and Zip code; sociodemographic charac-
teristics: age, sex and race/color; and the variables 
that characterized the clinical profile: clinical form, 
hospitalization to Intensive Care Unit (ICU), re-hos-
pitalizations, reason for departure from hospital and 
the hospitalization and re-hospitalization costs. To 
analyze the costs, an exchange rate of US$1=R$3.71 
was adopted. 
Statistical analysis
Initially, the descriptive analysis of the data was 
conducted with the software Statistica version 
12.0, including central trend measures for conti-
nuous variables and absolute and relative frequen-
cies for categorical variables. The continuous varia-
ble age was ranked according to the literature [22] 
and divided as follows: 0-29 years, 30-59 years, 
60 or older.
In the bivariate analysis, the crossing between 
the dependent variable re-hospitalizations (yes or 
no) and the independent variables (sociodemogra-
phic characteristics and other clinical characteristics) 
was considered, by applying the chi-squared test of 
proportions with Yates’ correction or Fisher’s exact 
test. In this phase, hospitalization records with ig-
nored or incomplete variables were excluded from 
the analysis.
In addition, the Kolmogorov-Smirnov test was 
applied to verify the normality of the continuous 
variables. In case the premises for the parametric 
analysis were not attended to, the Mann-Whitney 
test (U) was applied to investigate the relation bet-
ween these variables and the re-hospitalization va-
riable. 
To identify the areas vulnerable to the occurrence 
of preventable hospitalizations and re-hospitaliza-
tions due to TB, initially, the home addresses of the 
cases of hospitalization and re-hospitalization were 
geocoded, using the software TerraView 4.2.2. 
The 895 census tracts and 36 neighborhoods of 
the city were accepted as the unit of analysis. The 
cases of hospitalization and re-hospitalization were 
grouped according to the units of analysis adopted. 
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Based on the 2010 census population of the spatial 
units, the gross incidence rates were calculated for 
hospitalizations and re-hospitalizations by dividing 
the number of the cases in each spatial unit (census 
tracts and neighborhoods) by the population of the 
spatial unit. Also, the rates were adjusted according 
to the Global Empirical Bayesian Method for both 
events.
The maps directly based on the gross estimates 
are difficult to interpret, in view of their high insta-
bility to express the risk of a certain rare event and 
when the population in the region of occurrence is 
small, like in the neighborhoods and census tracts 
of the city. The estimation of the corrected rates 
based on the coefficients observed, using the Ba-
yesian concepts, is more interpretive and informa-
tive, as it uses not only area information, but also 
neighborhood data in their calculation [23].
The spatial autocorrelation of the hospitalization 
and re-hospitalization rates due to TB was verified 
using Moran’s index (I), a global measure of the 
degree of spatial association. To analyze the spa-
tial distribution pattern and the cluster intensity 
(random or dispersed cluster) according to census 
tracts and neighborhoods, the local Moran index 
(II) was used (ranging between -1 and 1) [23].
To identify the areas with the highest, lowest and 
intermediary hospitalization and re-hospitalization 
rates due to TB, maps were elaborated based on the 
results of the of the Global Bayesian coefficients, 
considering the census tracts and clusters of neigh-
borhoods according to the quadrants of Moran’s 
mirror diagram. For Q1 (+/+), neighborhoods with 
high hospitalization and/or re-hospitalization rates 
and neighbors also with a high rate; Q2 (-/-), neigh-
borhoods with a low rate and neighbors also with 
a low rate; Q3 (+/-), neighborhoods with a high 
rate and neighbors also with a low rate; Q4 (-/+), 
neighborhoods with a low rate and neighbors with 
a high rate. In Q1 and Q2, the spatial association is 
positive (neighborhoods and their neighbors with si-
milar coefficients); on the other hand, in Q3 and Q4, 
the spatial association is negative (neighborhoods 
and their neighbors with different coefficients). In 
addition, to detect the significance, the Local Indi-
cators of Spatial Association (LISA), significance map 
was used, where the significant associations were 
mapped and highlighted. 
In both indices, statistical significance was set at 
p<0.05 [24]. For all tests, the type I error was set 
at 5%.
Ethical aspects
Approval for the project was obtained from the 
Institutional Review Board of the University of São 
Paulo at Ribeirão Preto College of Nursing, un-
der Institutional Review Board Certificate (CAAE) 
24922313.7.0000.5393.
Results
In total, 569 cases of preventable hospitalizations 
due to TB were identified, mostly were: pulmonary 
form (n=554; 97.4%), between 30 and 59 years old; 
(n=353; 62.0%); male (n= 442;77.7%); mulatto (n= 
290; 87.3%). In the total group of hospitalizations, 
13.4% died and 17.9% were readmitted. As regards 
to the reason for leaving the hospital, most hospita-
lized patients were discharged for improved health 
condition (n=431; 75.7%) and 24 (4.2%) were dis-
charged against medical advice. In addition, an im-
portant part died (n=76; 13.4%) (Table 1).
Among the cases of re-hospitalization (n=102), 
a majority was between 30 and 59 years old 
(n=73; 71.6%), male (n=77; 75.5%), mulatto (n=62; 
92.5%), pulmonary TB (n=100; 98.0%), admitted 
to an intensive care unit (n=6; 5.9%). Concerning 
the reason for departure, most of the cases of re-
hospitalization were discharged for improved health 
condition (n=70; 68.6%), 9 (8.8%) were discharged 
against medical advise and 15 (14.7%) died (Table 
1).
Table 1 shows also the results of the bivariate 
analysis, relating each of the variables with the 
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occurrence or not of re-hospitalizations. Only the 
hospitalization at an intensive care unit (p=0.007) 
revealed a statistically significant association with 
the re-hospitalization.
As regards hospital costs, US$ 470,370.07 was 
spent on hospitalization and re-hospitalization 
due to TB, with an annual mean cost of US$ 
78,395.01. The median cost per hospitalization was 
US$ 392.70, ranging between US$ 20.59 and US$ 
5,867.16, and the median cost per re-hospitalization 
was US$ 1,342.19, ranging between US$ 20.59 and 
US$ 18,670.01. In addition, the hospital costs differ 
(U=8843.50; p<0.001) between the cases of hospi-
talization and re-hospitalization.
In the spatial analyses, 549 (96.5%) out of 569 
cases of hospitalizations considered for the stu-
dy were geocoded. Among the losses, 11 (1.9%) 
were street dwellers, 9 (1.6%) had incomplete or 
unknown addresses. Concerning the cases of re-
hospitalizations, 98 (96.0%) out of 102 cases of 
re-hospitalizations were geocoded. The four cases 
that were not geocoded had incomplete or unk-
nown addresses.
In Figure 2, the gross incidence rates of hospitali-
zation and re-hospitalization per neighborhood are 
displayed, highlighting areas with high rates, shown 
in black on the maps and located in neighborhoods 
in the East (Rocas, Praia do Meio, Cidade Alta, Mãe 
Luíza) and West districts (Guarapes and Quintas).
It is important to emphasize, however, that the 
range of the rates displayed was reduced when 
the correction by the Empirical Bayes method was 
applied, as presented in Figures 3 and 4. 
Table 1.  Sociodemographic and clinical characteris-
tics of preventable hospitalization and re-
hospitalization due to tuberculosis, Natal, 
Brazil (2008-2013).
Variables
Total
Re-hospitalization
P-
value
Yes No
n % n % n %
Age
09 to 29 years 140 24.6 21 20.6 119 25.5
0.06530 to 59 years 353 62.0 73 71.6 280 60.0
60 or more 76 13.4 08 7.8 68 14.6
Sex
Male 442 77.7 77 75.5 365 78.2
0.558
Female 127 22.3 25 24.5 102 21.8
Race/colora
Mulatto 290 87.3 62 92.5 228 86.0
0.121White 31 9.3 02 3.0 29 10.9
Black 11 3.3 03 4.5 08 3.0
Clinical Form
Pulmonary 554 97.4 100 98.0 454 97.2
0.638
Extrapulmonary 15 2.6 02 2.0 13 2.8
Hospitalization to Intensive Care Unit
No 556 97.7 96 94.1 460 98.5
0.007*
Yes 13 2.3 06 5.9 07 1.5
Reason for Departure
Discharge 
improved
431 75.7 70 68.6 361 77.3
0.059
Discharge upon 
request
21 3.7 02 2.0 19 4.1
Discharge with 
expected return 
for monitoring
02 0.4 00 0.0 02 0.4
Discharge 
against medical 
advice
24 4.2 09 8.8 15 3.2
Discharge for 
other reasons
09 1.6 03 2.9 06 1.3
Transfer 
to other 
establishment
06 1.1 03 2.9 03 0.6
Death with 
declaration 
by assistant 
physician
72 12.7 14 13.7 58 12.4
Death with 
declaration 
by Forensic 
Institute
01 0.2 00 0.0 01 0.2
Variables
Total
Re-hospitalization
P-
value
Yes No
n % n % n %
Death with 
declaration 
by Division of 
Postmortem 
Inspection
03 0.5 01 1.0 02 0.4
0.059
Total 569 100 102 100 467 100
a: N=332; *: Chi-Square Test: p<0.05
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Figure 3 shows that the areas with the highest 
rate of preventable hospitalization due to TB are 
concentrated in the census tracts of the coverage 
areas in the West and East Health Districts. More 
precisely, this occurred in the neighborhoods of 
Guarapes, Praia do Meio, Rocas, Mãe Luiza, Quin-
tas, Santos Reis and Cidade Alta, ranging between 
27.56 and 62.90 preventable hospitalizations due to 
TB per 100,000 inhabitants-year. 
The rate of the re-hospitalizations cases (Figure 4) 
was also higher (ranging between 2.60 and 3.92 re-
hospitalizations due to TB per 100,000 inhabitants-
year) in the East and West Health Districts, especia-
lly in Praia do Meio, Rocas, Guarapes, Mãe Luíza, 
Quintas, Alecrim and Petrópolis neighborhoods.
In the analysis of the hospitalization rates due 
to TB, the global Moran index (I) corresponded to 
0.1474 (p=0.06) for the neighborhoods and 0.1587 
(p=0.01) for the census tracts. For the re-hospita-
lization rates due to TB, the Global Moran index 
(I) amounted to 0.2248 (p=0.03) for the neighbor-
hoods and 0.03252 (p=0.04) for the census tracts.
Also concerning the study of the spatial correla-
tion, in Figure 5 and 6, the behavior of the clusters 
was observed through the LISA, represented by the 
Moran Map. The areas in black (High-High) indicate 
the census tracts and neighborhoods with high hos-
pitalization and re-hospitalization rates, surrounded 
by others in the same situation. The spatial units in 
light grey (Low-Low) show low hospitalization and 
re-hospitalization rates, surrounded by others in the 
same situation. The areas in dark grey (High-Low) 
and intermediary grey (Low-High) show the census 
tracts and neighborhoods with higher and lower 
hospitalization and re-hospitalization rates, located 
Figure 2:  Gross rates of hospitalizations-A and 
re-hospitalizations-B due to tuberculosis 
per neighborhoods, Natal, Brazil (2008-
2013).
Figure 3:  Bayesian rates of hospitalizations by 
tuberculosis per census tracts-A and 
neighborhoods-B, Natal, Brazil (2008-
2013).
Figure 4:  Bayesian rates of re-hospitalizations by 
tuberculosis per census tracts-A and 
neighborhoods-B, Natal, Brazil (2008-
2013).
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near others with lower and higher rates, respecti-
vely. The regions for which no significant associa-
tions were observed from the statistical viewpoint 
indicate census tracts and neighborhoods for which 
no spatial autocorrelation can be asserted.
The results of the LISA analysis indicated high-
high hospitalization clusters (n=2 neighborhoods – 
Santos Reis and Petrópolis, both in the East) and 
low-low clusters (n=4 neighborhoods) in neighbor-
hoods from the South District (Figure 5). 
The significant re-hospitalization clusters (Figure 
6) were: n = 4 high-high neighborhoods in the areas 
of the East District (Santos Reis, Petrópolis, Praia do 
Meio and Rocas); n = 1 high-low neighborhood 
(Neópolis); n = 2 low-high neighborhoods (Areia 
Preta and Ribeira, both in the East District); and 
n=3 low-low neighborhoods in the North District 
(Pajuçara, Lagoa Azul and Potengi).
Discussion
The aim in this study was to analyze the sociode-
mographic and clinical profile of the patients who 
needed preventable hospitalizations and re-hospita-
lizations due to TB, and the costs to the local health 
system; and to develop a spatial analysis of these 
events in a Brazilian endemic city. 
The analysis of the sociodemographic and clinical 
characteristics of the individuals who needed hospi-
talization and re-hospitalization due to TB showed 
that these research findings are in line with other 
studies [22, 25-30, 31,32], which mention that the 
largest proportion of both events is found in the 
male population, in the economically active age ran-
ge, mulatto race/color. Also, the pulmonary clinical 
form of TB is predominant among the cases.
Even though the studied areas´ population is pre-
dominantly female, mulatto, and in the productive 
age group [17], the TB hospitalization and re-hospi-
talization cases occur mostly among men. 
In this context, studies reveal that men have a 
1.6 times higher chance of being hospitalized than 
women [33, 34], which can be explained by the 
lesser frequency at which they visit health services, 
in combination with other factors knowingly linked 
to TB that are more prevalent among men, such as 
HIV infection; alcoholism and drugs abuse [14,35]. 
In addition, the hospitalization enhances the family 
and social damage the disease causes, as men of 
economically active age become unproductive du-
ring the hospitalization, which can compromise the 
family and professional activities and cause a high 
Figure 5:  Moran Map of hospitalization rates by 
TB, census tracts-A and neighborhoods-
B, Natal, Brazil (2008-2013).
Figure 6:  Moran Map of re-hospitalization rates 
by tuberculosis, census tracts-A and 
neighborhoods-B, Natal, Brazil (2008-
2013).
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economic and social impact, especially in develo-
ping countries [26].
With respect to the reason for leaving the hos-
pital, a larger proportion of cases were dischar-
ged, despite the important percentage of hospital 
deaths and re-hospitalizations. These outcomes are 
similar to those found in other studies conducted 
in Sub-Saharan Africa [34] and in other regions of 
Brazil [32]. This result gives rise to the discussion 
that, although TB is preventable, curable and easy 
to diagnose, and that free treatment is available in 
PHC, approximately 4.5 thousand people die each 
year in Brazil due to the disease [5].
The re-hospitalization expresses the PHC’s diffi-
culty to control and monitor the cases, especially 
in referral and counter referral communication and 
it acknowledges the social and economic frailties 
related to the disease and hospitalization. Although 
these patients have already been diagnosed by the 
health service agency and have a history of hos-
pitalizations, the monitoring and comprehensive 
treatment of these cases in primary and hospital 
care services is deficient.
In addition, the study demonstrates that the 
hospitalization and re-hospitalization for TB entail 
high costs that the health systems cannot always 
bear. In Brazil, TB ranks seventh in terms of spen-
ding on hospitalizations due to infectious diseases 
in the Unified Health System (SUS). In 2013 alone, 
the country spent US$ 7.188.45 on hospitalizations 
due to TB classified as preventable [7]. These ca-
ses might not have evolved to hospitalization if 
they had received appropriate care in the outpa-
tient context [8-10]. Also, it is known that these 
resources are not always allocated in an efficient, 
universal and equitable manner among the popu-
lations and regions. 
A study conducted in Canada [11], pointed out 
that the acknowledgement of high-risk populations 
and territories for re-hospitalizations could lead to 
substantial savings for the health system through 
the reduction of expenses on future hospitalizations.
In view of the above, the adoption of priori-
ty disease control and hospitalization prevention 
measures is necessary. Therefore, it is essential to 
forward these patients to the PHC service nearest 
to their home and to monitor their arrival at the-
se services after the discharge [11], guaranteeing 
comprehensive and humanized care through Di-
rectly Observed Treatment (DOT). This technology 
is important because it contributes to singular pa-
tient management, offering care to adverse reac-
tions and comorbidities, as well as social support 
to the patient and family with a view to avoid 
re-hospitalization.
Therefore, the analysis of hospitalizations and 
re-hospitalizations due to TB that focuses on the 
individual and organizational dimension of health 
services only, would mean rejecting determinant 
environmental aspects for the occurrence of this 
event and its influence on public health expenses, 
when considering that the behavior of this disease 
is strongly related to the living space. Therefore, 
it is fundamental to study these elements from 
a spatial distribution perspective also, integrating 
health data available in the Health Information Sys-
tems with environmental and social data, based on 
the Geographic Information System (SIG), which 
permits better characterization and quantification 
of the hospitalizations and their possible determi-
nants.
 As regards the analysis units adopted in this 
study, differences were found in the distribution 
pattern of the cases of hospitalization and re-
hospitalization due to TB where different analysis 
units may result in a variation of epidemiological 
indicators. In the analysis of the data per census 
tract, the maps produced further details of the 
localities in which these events occurred, revealing 
areas with high hospitalization and re-hospitaliza-
tion rates, not visible on the neighborhood maps. 
The maps by neighborhood presented the distri-
bution of the more generalized rates, important 
differences among the areas of the cities’ different 
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neighborhoods. Thus, it was possible to verify not 
only the neighborhoods of occurrence, but also 
the neighborhood that are more vulnerable to the 
occurrence of these events, with a view to the 
establishment of operational guidelines for the 
health services in these small areas of the city.
In the geostatistical analysis, the areas with the 
highest hospitalization and re-hospitalization rates 
due to TB were concentrated in the census tracts 
and neighborhoods of the East and West District. 
The neighborhoods Guarapes, Praia do Meio, Ro-
cas, Mãe Luiza and Quintas stand out because they 
are related to high hospitalization and re-hospitali-
zation rates due to TB. At the same time, they are 
known as the regions with the highest incidence 
and prevalence of TB [36].
The West District has the highest concentration 
of TB cases and the second lowest monthly inco-
me among the five Health Districts. In addition, it 
shows the largest number of people per home, 
concentrating the highest number of subnormal 
agglomerates and the second highest percentage 
of precarious settlements [18,36].
The Global Moran Index showed the existence 
of spatial dependence in the hospitalization and 
re-hospitalization rates due to TB among neigh-
boring census tracts and/or neighborhoods. The 
Local Moran Index indicated the presence of hos-
pitalization and re-hospitalization clusters. The 
neighborhoods with high rates and neighbors 
with high rates were located in the East Health 
District, particularly in the Santos Reis and Petró-
polis neighborhoods, which presented clusters of 
hospitalizations and re-hospitalizations due to TB. 
It is important to mention that the Family Health 
Strategy (FHS) coverage in the East Health District 
corresponds to only 37% of the population, while 
the neighborhood Santos Reis does not have any 
health service [37].
The East District, despite being the least popu-
lous, stands out because of the high population 
density and the second highest concentration of TB 
cases in the city [18, 36, 38], which can favor the 
transmission of the disease. In addition, the social 
inequality became evident in areas with high and 
low economic and social conditions as they share-
ed the same territory. Therefore, the East district 
demands more effective actions and services in all 
sectors, in view of the set of associated factors that 
can increase the risk of transmission, illness, hospi-
talization and re-hospitalizations due to TB. 
However, this district show the highest percen-
tages of population without FHS coverage and low 
availability of primary health care services [37]. This 
can provoke reduced health service access, mainte-
nance of the disease-focused care perspective and 
less emphasis on promotion and prevention activi-
ties [39]. In that context, studies [40] suggest that 
the expansion of Primary Care is closely related with 
the reduction of hospitalizations and is characteri-
zed as a priority strategy to reduce costs and en-
hance the health systems [41, 42].
Another important issue of the study is related 
to the concentration of PHC in areas with social 
problems, which might be associated to the results 
of the study [43]. Therefore, an important barrier to 
PHC with populations in extreme vulnerability is the 
insufficient service tools available to confront the 
social determinants, such as inappropriate housing, 
food, employment, stigma, alcohol and drug use, 
and violence, among other problems [44]. 
According to a survey conducted by the city’s 
Primary Health Care Department [37], primary 
health care services are concentrated in socially 
more benefitted areas, like in the South District, 
to the detriment of large care voids in areas of ur-
ban expansion and lower purchasing power of the 
population, such as those located in the Districts 
North and West.
The existence of spatial autocorrelation in the 
hospitalization and re-hospitalization rates sup-
ports the idea that neighboring areas tend to pre-
sent mutually more similar rates which, differently 
from what happens between distant regions, these 
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tend to share the same socioeconomic, demogra-
phic and health service access characteristics which 
favor clustering [44]. This strengthens the findings 
presented earlier concerning the frailty of PHC ser-
vices and social vulnerability. The authors raise the 
hypothesis that areas with bad PHC services and 
social problems are at an increased risk of hospi-
talizations and re-hospitalization, which should be 
confirmed in future research.
In general, geographical clusters of hospitaliza-
tions and re-hospitalizations were identified, indica-
ting potential risk areas for the occurrence of these 
events. However, is needed explore this results, as 
the areas with low rates of hospitalizations do not 
necessarily mean better access, considering that the-
se can derive from underreporting or hospitalization 
in private services not affiliated with the SUS. Also, 
is needed to analyze the effects of family care and 
social support after the hospital discharge, which 
may be associated with the re-hospitalization, as 
well as the comorbidities and other factors admit-
tedly associated with TB, such as alcoholism and 
drugs abuse. This information was not analyzed as 
it is not included in the AIH documents and not 
available in the administrative data of the SIH/SUS, 
due to the essentially administrative and financial 
nature of this system. Thus, further research is need 
incorporating these variables.
With regards to the research limitations, the 
use of secondary data could have caused some 
bias in the study due to the non-control of the 
research variables in the records. In addition, the 
funding source of the hospitalizations considered 
in the study was limited to the estimated hospital 
charges paid by the SUS. Hospitalization costs paid 
by private services not affiliated with the SUS and 
by health insurance companies were not included. 
Nevertheless, the hospitalizations due to TB in the 
SUS represent the large majority of internments in 
this group.
Nevertheless, despite the limitations, the national 
range of the AIH and its availability of demographic, 
geographic and diagnostic information for each 
hospitalization enhance the possibility of producing 
public health knowledge. It also can contribute to 
the recognition of the vulnerable areas whom can 
support managers and health professionals’ deci-
sion-making and should contribute to the control of 
TB through improvements in health service access, 
and enhance the equitable distribution and effi-
cient use of health resources. Such advances would 
help reduce the physical, psychological and social 
complications for the patient, and the preventable 
hospitalizations and re-hospitalizations due to this 
disease, thereby ameliorating their financial impact 
on the health system.
Lastly, the results and conclusions of the study are 
applicable to local management. They may also be 
useful to other Brazilian regional and international 
health systems with limited resources or similar so-
cio-economic and health development conditions. 
Efficient and cost-effective application of health 
resources is needed in cases of avoidable hospita-
lizations and re-hospitalizations, especially in view 
of the current Brazilian and worldwide economic 
crises, and the recent WHO alert about TB funding 
and the scarce resources for disease control [45].
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